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Abstract
Background
Tropical infectious diseases like dengue, scrub typhus, murine typhus, leptospirosis, and enteric
fever continue to contribute substantially to the febrile disease burden throughout Southeast
Asia while malaria is declining. Recently, there has been increasing focus on biomarkers (i.e. C-
reactive protein (CRP) and procalcitonin) in delineating bacterial from viral infections.
Methodology/Principal findings
A prospective observational study was performed to investigate the causes of acute undiffer-
entiated fever (AUF) in adults admitted to Chiangrai Prachanukroh hospital, northern Thailand,
which included an evaluation of CRP and procalcitonin as diagnostic tools. In total, 200
patients with AUF were recruited. Scrub typhus was the leading bacterial cause of AUF (45/
200, 22.5%) followed by leptospirosis (15/200, 7.5%) and murine typhus (7/200, 3.5%), while
dengue was the leading viral cause (23/200, 11.5%). Bloodstream infections contributed to 7/
200 (3.5%) of the study cohort. There were 9 deaths during this study (4.5%): 3 cases of scrub
typhus, 2 with septicaemia (Talaromyces marneffei and Haemophilus influenzae), and 4 of
unknown aetiologies. Rickettsioses, leptospirosis and culture-attributed bacterial infections,
received a combination of 3rd generation cephalosporin plus a rickettsia-active drug in 53%,
73% and 67% of cases, respectively. Low CRP and white blood count were significant predic-
tors of a viral infection (mainly dengue) while the presence of an eschar and elevated aspartate
aminotransferase and alkaline phosphatase were important predictors of scrub typhus.
Interpretation
Scrub typhus and dengue are the leading causes of AUF in Chiangrai, Thailand. Eschar,
white blood count and CRP were beneficial in differentiating between bacterial and viral
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infections in this study. CRP outperformed procalcitonin although cut-offs for positivity
require further assessment. The study provides evidence that accurate, pathogen-specific
rapid diagnostic tests coupled with biomarker point-of-care tests such as CRP can inform
the correct use of antibiotics and improve antimicrobial stewardship in this setting.
Author summary
Fever remains an important reason why people are hospitalised in Southeast Asia. We do
not know the most common causes of fever in many regions of the tropics. This knowl-
edge would help doctors decide on the most appropriate treatment in areas where access
to diagnostics is difficult. Establishing diagnostic tests for all possible diseases in an area is
expensive and often impractical. An alternative is to measure ‘marker’ chemicals in the
blood which the body produces in response to infection. These are usually higher in
patients with bacterial infections. Differentiating bacterial from viral infections will help
reduce inappropriate antibiotic use, which can contribute to the development of antibi-
otic-resistant bacteria. In this study, we investigated the causes of fever in hospitalised
patients in Chiangrai, northern Thailand, and assessed if two chemical markers (CRP and
procalcitonin) could distinguish bacterial from viral infections. Scrub typhus, dengue and
leptospirosis were the major causes of fever, and these were not always accurately diag-
nosed and managed. We also found that CRP was better than procalcitonin in differentiat-
ing bacterial from viral infections. These results should help improve the management of
febrile patients and increase the awareness of these neglected tropical diseases that are
potentially deadly if missed.
Introduction
Acute undifferentiated fever (AUF) remains the leading cause of hospitalisation among adults
and children in urban and rural regions of Southeast Asia. The causes include common dis-
eases such as dengue, scrub typhus, murine typhus, leptospirosis, and enteric fever, which con-
tinue to contribute significantly to the febrile disease burden [1–4]. Although malaria may
present similarly, its overall incidence and impact on health in this region is declining [5].
In Laos, a prospective multicentre study investigating the causes of non-malarial fever
revealed dengue, scrub typhus, Japanese encephalitis and leptospirosis as the major aetiologies
in hospitalised adults and children once influenza was excluded [6]. In rural Thailand, dengue,
scrub typhus, leptospirosis, murine typhus, and influenza have been identified as the most
common causes of AUF among adults and children [4, 7]. Scrub typhus, enteric fever, flavivi-
rus infection, leptospirosis and malaria were the main causes of fever in adults and children in
the 1970s in rural Malaysia [8]. In febrile pregnant women on the Thai-Burmese border and in
Laos, malaria, rickettsial infections, dengue, leptospirosis, typhoid and pyelonephritis predom-
inate [9, 10]. Adverse neonatal and maternal outcomes were high in this group, particularly in
those diagnosed with rickettsial infections [10, 11]. In Cambodian children, dengue, scrub
typhus, bacteraemia (Salmonella enterica serovar Typhi was the commonest pathogen) and
Japanese encephalitis were the major diagnoses [3].
These “causes-of-fever” studies that address a wide range of infectious diseases in diverse
geographies are useful in informing clinicians and epidemiologists alike [12]. However, the
majority of currently available fever studies suffer from selection bias, often rely on suboptimal
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diagnostic tools and non-uniform positivity criteria—limiting estimates of disease incidence
and burden [13]. Performing these prospective studies correctly is costly, difficult and chal-
lenging–especially if representative geographical coverage is desired [12]. The current litera-
ture highlights a panel of AUF that represents the leading causes of fever in Asia and
similarities in their clinical presentation and poor access to high-quality, affordable diagnostic
tools frequently result in sub-optimal management [14]. Although progress in developing
accurate, validated and cost-effective diagnostic tools for non-malarial pathogens, such as dis-
ease-specific rapid diagnostic tests (RDTs), have been made (e.g. combining NS1-antigen with
IgM detection in dengue), recent modelling approaches suggest that testing for viral infections
is unlikely to be cost-effective when considering direct health benefits, whereas RDTs for the
detection of prevalent bacterial pathogens could be [15, 16].
Biomarkers such as C-reactive protein (CRP) and procalcitonin have some utility in delin-
eating between bacterial and viral infections and guiding healthcare workers on the appropri-
ate use of antibiotics in patients with respiratory tract infections in high income settings [17].
A retrospective study based on well-characterised samples of adults and children with febrile
illnesses from Cambodia, Laos and Thailand demonstrated CRP was highly sensitive and mod-
erately specific for discriminating between bacterial and viral infections [18]. Recently, CRP
testing has been shown to reduce antibiotic prescription for acute respiratory illnesses in adults
and children in primary healthcare settings in Vietnam [19]. In resource-constrained tropical
settings, common treatable infections are being missed and inappropriate use of antibiotics is
widespread. This highlights the potential impact of CRP RDTs on the precision of antibiotic
use and contribution to the global strategy to combat antimicrobial resistance.
In this prospective study, we investigated the causes of AUF in adults admitted to the pro-
vincial hospital in Chiangrai, northern Thailand, and evaluated the use of CRP and procalcito-
nin tests in guiding appropriate antibiotic use.
Materials and methods
Ethics statement and study site
The Chiangrai Hospital Ethical Committee, Thai Ministry of Public Health and the Faculty of
Tropical Medicine Ethics Committee, Mahidol University, Bangkok, granted ethical approval
for this study (MUTM 2006–035). All patients provided written informed consent prior to
sample collection, and parents or guardians provided informed consent on behalf of all child
participants. Chiangrai Prachanukroh hospital is located in Chiangrai province, the north-
ernmost province in Thailand, and near “the Golden Triangle” where Thailand, Laos and
Myanmar converge. The province population of 1.2 million consists mainly of ethnic Thais
with 12.5% belonging to hill tribes and other minority ethnic groups.
Patient data and samples
Between August 2006 and October 2008, we prospectively recruited a total of n = 231 patients
age15 years old at Chiangrai Prachanukroh hospital with a fever >37.5˚C or a history of
fever within the past 21 days, no evidence of a primary focus of infection (e.g. consolidation on
chest X-ray, symptoms and signs of a urinary tract infection, cellulitis) and negative for malaria
on blood film. Demographic, clinical and laboratory data related to the admission were col-
lected individually on study case-record forms (CRFs) from patient notes and hospital records.
Demographic data included age, sex, and occupation. A rural/agricultural occupation was
defined as those working as farmers, gardeners, agricultural/plantation workers, or fish and
animal farm workers. Clinical data included symptoms, examination findings and vital signs
on admission along with details of the current illness, prior antibiotic use, antibiotic treatment
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during admission, and illness outcome (e.g. fever days, death). Laboratory data included hae-
matology (complete blood count) and biochemistry (renal and liver blood tests) results from
admission samples. Chest x-ray findings were also recorded if performed.
An acute study blood sample was collected by study staff on enrolment in addition to the
routine tests requested by the treating physician (10ml EDTA whole blood and 10ml clotted
blood for serum). Blood and other routine cultures were performed if requested by the local
clinician and processed using conventional techniques at the hospital microbiology laboratory.
HIV testing was performed as part of routine hospital work using RDTs at the discretion of
the treating physician. Follow-up was carried out by study staff 7–14 days after enrolment and
involved a clinical review and collection of a convalescent blood sample (10ml clotted blood
for serum).
There were 19 patients with incomplete CRFs/datasets and 12 patients with incomplete
sample collections. These 31 patients were excluded resulting in a total of 200 study eligible
patients. Of these, 171/200 (86%) provided paired samples obtained on admission and follow-
up between days 7–14, and 29/200 patients had a confirmatory diagnosis made from admis-
sion samples alone. Both admission and follow-up samples were used for the diagnostic assays
outlined below. Inflammatory biomarkers were tested on acute samples only. The clotted
blood samples were processed for serum, aliquoted, stored locally at -30˚C, and batch trans-
ported on dry-ice for storage (-80˚C) and subsequent analysis at the central laboratory of
Mahidol-Oxford Tropical Medicine Research Unit (MORU) in Bangkok. EDTA whole blood
samples were transported at ambient temperature on the day of collection to Bangkok for fur-
ther analysis. Some whole blood samples were processed immediately for culture for leptospi-
rosis and scrub typhus (see below) with the remainder stored as aliquots of whole blood,
plasma and buffy coat at -80˚C.
In addition, meteorological data comprising average monthly temperatures and total
monthly rainfalls were retrospectively collected for the study period from the local Thai Mete-
orological Department office of Mueang district in Chiangrai province. The data was collected
from the district’s weather station near the airport. Chiangrai Prachanukroh Hospital is
located within this central district, which is its main catchment area, but the hospital also
admits severely ill patients from surrounding districts.
Diagnostic assays
The diagnostic panel included diagnosis of dengue, scrub typhus, murine typhus, leptospirosis
and Japanese encephalitis. Dengue diagnosis was performed in paired sera using the following
ELISA tests: PanBio Dengue Early NS1 (Alere), PanBio Dengue IgM capture (Alere), PanBio
Dengue IgG capture (Alere), and PanBio Japanese Encephalitis/Dengue IgM combo (Alere).
An admission titer10 U of NS1 PanBio units and/or4-fold increase of IgM antibodies in
the convalescent sample was considered diagnostic of acute primary dengue virus infection.
Patients with anti-JEV IgM levels of>40 U were classified as having acute JEV infections only
if anti-dengue IgM levels were<40 U using the combination ELISA test. Leptospirosis culture
was performed at MORU within 24–48 hours by injecting 100μL of whole blood and 200μL of
plasma sediment (the bottom fraction obtained from centrifuging 500μL of heparinized
plasma) into 3 mL of Ellinghausen, McCullough, Johnson, and Harris (EMJH) medium, sup-
plemented with 3% rabbit serum and 0.1% agarose. Both culture tubes were incubated aerobi-
cally at 25˚C–30˚C and examined every week for 3 months for evidence of growth. The
leptospirosis SD Bioline RDTs were used for detecting anti-leptospira IgM and IgG. Scrub
typhus and murine typhus were diagnosed using the indirect immunofluorescence assay (IFA)
to detect IgM antibody titers in paired sera (or in admission samples only if convalescent
Acute undifferentiated fever and biomarkers in northern Thailand
PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006477 May 31, 2018 4 / 19
samples unavailable) against Orientia tsutsugamushi antigens (Karp, Kato and Gilliam strains
for scrub typhus) and Rickettsia typhi antigens (Wilmington strain for murine typhus), respec-
tively. The new diagnostic IFA cut-off titer of1:3,200 in an admission sample or4-fold rise
to1:3,200 in a convalescent-phase sample was used [20]. For scrub typhus, culture and poly-
merase chain reaction (PCR) assays were also performed as previously described [21]. Briefly,
the PCR assays included conventional PCR assay to detect the 56kDa gene and real-time PCR
assays to detect the 47kDa htra and groEL genes. To fulfil the PCR criteria for diagnosis, a con-
sensus of two out of three PCR assays was required.
The inflammatory biomarker procalcitonin was measured by the ELISA-based VIDAS PCT
kit with a detection range of 0.05-195ng/ml (BioMe´rieux, France), and CRP serum levels were
measured with the NycoCard Reader II (Axis Shield, Norway), with a detection range of 5-
150mg/L in serum [22, 23]. Testing was performed on admission samples and two indepen-
dent operators, blinded to the microbiological diagnoses, performed the procalcitonin and
CRP assays in duplicate. Control reagents were provided with each test kit and calibration per-
formed as per manufacturers’ instructions. The following thresholds were evaluated for their
usefulness in predicting bacterial causes of fever; for procalcitonin 0.25ng/mL and 0.5ng/mL,
and for CRP 20mg/L and 40mg/L plasma levels upon admission, respectively [24–26].
Attribution of final diagnosis
The diagnostic results were considered in relation to each other, and a final diagnosis was
attributed to each case by the strength of evidence supporting each diagnosis, as previously
described; (I) PCR/antigen/culture positivity > (II) dynamic serology (4-fold rise) > (III) sin-
gle titer and/or unjustified serological cut-off titer [27].
Blood, urine, sputum and stool culture results from admission were collected from the hos-
pital reporting system if performed. A final conservative diagnosis of culture-attributed infec-
tion (CAI) was made on the balance of clinical information, haematological and biochemical
results, and results of our diagnostic panel.
Statistical analysis
Proportions, percentages and averages (median and interquartile range [IQR] or mean and
standard deviation [SD]) were calculated controlling for any missing data. Seasonality was
assessed by calculating proportions of patients (and 95% confidence intervals) admitted during
discrete time-periods and assessing for overlap as well as performing two-sample tests of pro-
portions. Univariate and multivariate logistic regression analysis were performed to determine
predictor variables independently associated with the outcomes (e.g. viral/bacterial/unknown
aetiologies or specific diagnoses such as scrub typhus or dengue). Categorical data were ana-
lysed using Pearson’s Chi-squared test or Fisher’s exact test as appropriate where specified.
Comparisons of receiver operating characteristic (ROC) curves evaluated the sensitivity, speci-
ficity and likelihood ratios for procalcitonin and CRP in differentiating between bacterial and
viral aetiologies. Classification and regression trees were generated for scrub typhus and dengue
using Salford Predictive Modeler Software Suite v8.2 (Salford Systems, San Diego, CA, USA).
Other analyses were performed using STATA 14 software (College Station, Texas, USA).
Results
Demographic, clinical, diagnostic and laboratory findings
Our study cohort of 200 adult patients with AUF admitted to Chiangrai Prachanukroh hospital
between August 2006 and October 2008 was predominantly male (114/194, 58.8%), had a
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median age of 41 (IQR 29–52), and most had a rural/agricultural occupation (64/136, 47.1%).
34/200 patients (17%) received antibiotic therapy prior to admission to the provincial hospital
and the median number of days from onset of fever to admission was 4 (IQR 3–7).
77/200 patients (38.5%) had a bacterial aetiology for their fever, 24/200 (12%) a viral aetiol-
ogy, and 97/200 (48.5%) had an unknown aetiology (the 2 remaining patients were diagnosed
with invasive fungal infection, details below). Scrub typhus was the leading bacterial cause of
AUF with 45/200 (22.5%), followed by leptospirosis with 15/200 (7.5%) and murine typhus 7/
200 (3.5%), while dengue was the leading viral cause with 23/200 (11.5%) and there was a soli-
tary JEV patient (0.5%).
A total of 12/200 (6%) cases had multiple positive tests (11 dual, 1 triple) that required scru-
tinizing with the criteria described above. Anti-JEV IgM positive cases were superseded by
scrub typhus PCR positivity +/- dynamic serology in three cases and dengue NS1 antigen +/-
dynamic serology in four cases. One case had weakly positive scrub typhus PCR for a single
target (2 out of 3 targets required to fulfil the diagnostic criteria) with negative serology and
was superseded by dengue NS1 antigen and IgM positivity. Two leptospirosis RDT positive
cases were overruled by scrub typhus PCR-positivity in one case and dynamic murine typhus
serology in the other. One case with dynamic rise in anti-dengue IgM but negative NS1 antigen
was assigned a diagnosis of scrub typhus on the basis of PCR-positivity and dynamic serology.
Finally, one case with positive leptospirosis RDT and anti-dengue IgM dynamic serology with
negative NS1 antigen was diagnosed with scrub typhus on the basis of positive PCR assays.
142/200 (71%) patients had blood cultures performed of which, 126 were reported as no
growth, 9 had microbiologically non-significant growth (mainly Gram positive organisms e.g.
coagulase-negative staphylococci, aerobic spore bearers), and 7 had microbiologically signifi-
cant growth (3.5%). Blood culture findings included 2 Talaromyces marneffei, 1 Haemophilus
influenzae, 1 Staphylococcus aureus, 1 Burkholderia pseudomallei, 1 Escherischia coli, and 1
Enterococcus faecium. The patients with talaromycosis and Haemophilus influenzae bacterae-
mia tested positive for HIV antibodies using in-house RDTs. In addition, there were 2 signifi-
cant urine cultures (heavy growth of E.coli), 2 significant sputum cultures (Klebsiella
pneumoniae in patients with severe respiratory syndromes), and 1 significant stool culture
(Salmonella spp.). In summary, there were 12 additional diagnoses in the culture-attributed
infections group (CAI), 10 due to bacteria and 2 due to fungi.
Table 1 summarises the characteristics of patients in the viral, bacterial and unknown aeti-
ology groups. Patients who were younger (OR 0.966, 95%CI 0.937–0.996, p = 0.026), had
lower CRP (OR 0.967, 95% CI 0.953–0.981, p = 0.000), lower white blood count (OR 0.713,
95%CI 0.615–0.828, p = 0.000), lower neutrophil count (OR 0.694, 95%CI 0.586–0.822,
p = 0.000) or higher haemoglobin (OR 1.259, 95%CI 1.023–1.549, p = 0.029) were significantly
more likely to be diagnosed with a viral aetiology on univariate logistic regression analyses.
Only low CRP (aOR 0.972, 95%CI 0.957–0.987, p = 0.000) and low white blood count (aOR
0.573, 95%CI 0.331–0.992, p = 0.047) remained as significant predictors for viral infection on
multivariate logistic regression analysis. Significant predictor variables for bacterial infection
on univariate analyses included the presence of an eschar (OR 11.74., 95%CI 3.849–35.807,
p = 0.000) and a higher lymphocyte count (OR 1.366, 95%CI 1.027–1.816, p = 0.032) but only
the eschar remained a significant predictor on multivariate analysis (aOR 11.590, 95%CI
3.754–35.784, p = 0.000). The finding of an eschar within the bacterial aetiology group was
almost exclusively seen in patients diagnosed with scrub typhus (21/22, 95.5%), the exception
being one patient with Staphylococcus aureus bacteraemia (1/22, 4.5%). Significant predictor
variables for the unknown aetiology group are shown in Table 1 but are clinically less useful.
Details of univariate and multivariate analyses of the predictor variables in Table 1 can be
found in S1 Table. When comparing the viral and bacterial aetiology groups directly
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(excluding unknown group), eschar, CRP, Hb, WBC, neutrophil count and lymphocyte count
were significant variables on univariate analyses. A lower CRP (aOR0.969 95%CI 0.951–0.987,
p = 0.001) was an important predictor for viral infection while presence of an eschar
(completely absent in the viral group) and a higher CRP (aOR1.032 95%CI 1.014–1.052,
p = 0.001) remained as significant predictor variables for bacterial infection on multivariate
analysis.
For a breakdown of demographics, symptoms and signs, chest x-ray findings and detailed
laboratory results for patients diagnosed with scrub typhus, dengue, leptospirosis and murine
typhus, please refer to S2 Table. Significant predictors for scrub typhus on multivariate logistic
regression analysis included the presence of an eschar (aOR 42.408, 95%CI 4.956–362.905,
p = 0.001), a higher lymphocyte count (aOR 2.063, 95%CI 1.146–3.713, p = 0.016), and ele-
vated aspartate aminotransferase (AST, aOR 1.014, 95%CI 1.004–1.023, p = 0.004) and alkaline
phosphatase (ALP, aOR 1.004, 1.000–1.008, p = 0.036). For dengue, a lower CRP (aOR 0.956,
95%CI 0.927–0.986, p = 0.005) was the only consistently significant predictor variable on
Table 1. Clinical, demographic and laboratory characteristics of patients by diagnostic group.
Viral aetiology (n = 24) Bacterial aetiology (n = 77) Unknown aetiology (n = 97)
Demographics and History
Male, n (%) 10/24 (41.7) 42/77 (54.5) 61/91 (67.0)a
Age, median (IQR) 32 (24–45)a 43 (28–50) 42 (30–54)
Rural occupation, n (%) 4/15 (26.7) 26/47 (55.3) 33/65 (50.8)
Pre-admission antibiotic, n (%) 2/8 (25.0) 14/42 (33.3) 18/54 (33.3)
Days with fever before admission, median (IQR) 5 (2.8–6) 5 (4–7) 4 (3–6)
Days of hospitalisation, median (IQR) 5.5 (5–7) 5 (4–7) 5 (4–7)
Clinical presentation
Fever, n (%) 23/24 (95.8) 75/77 (97.4) 92/97 (94.8)
Neurological findings n (%) 17/24 (70.8) 44/73 (60.3) 44/89 (49.4)
Respiratory findings n (%) 5/24 (20.8) 20/74 (27.0) 24/91 (26.4)
Gastrointestinal findings n (%) 16/24 (66.7) 37/73 (50.7) 47/90 (52.2)
Eschar, n (%) 0/24 (0.0) 22/74 (29.7)a,b 4/89 (4.5)a,b
Clinical severity, n (%) 6/24 (25) 14/74 (18.9) 20/91 (22.0)
Laboratory
CRP (mg/L), median (IQR) 12.5 (6.0–26.0)a,b 139.5 (67.5–150) 144 (56.0–150)a
Procalcitonin (ng/mL), median (IQR) 0.3 (0.1–1.3) 2.6 (0.9–7.3) 2.1 (0.4–24.0)a
Haemoglobin (g/dL), median (IQR) 13.2 (11.9–14.8)a 12 (10.6–13.0) 12.5 (11.0–14.0))
WBC (103/mm3), median (IQR) 3 (2.1–5.6)a,b 10.6 (6.7–13.8) 9.8 (7.3–12.2)
Neutrophils (103/mm3), median (IQR) 1.8 (1.0–3.4)a 7.7 (4.6–11.2) 7.3 (5.6–10.6)a
Lymphocytes (103/mm3), median (IQR) 0.6 (0.4–1.2) 0.9 (0.5–1.8)a 0.8 (0.5–1.5)
a Significant predictor variable on univariate logistic regression analysis
b Significant predictor variable on multivariate logistic regression analysis
 Clinical presentation
Fever: tympanic temperature >37.5˚C on or after admission
Neurological findings: at least one of meningism, headache, focal neurological deficits
Respiratory findings: at least one of respiratory rate >22/minute, lung crepitation, cough, dyspnoea
Gastrointestinal findings: at least one of abdominal pain, vomiting, nausea, jaundice, hepatomegaly, splenomegaly
Severity–at least one of these: intubation; respiratory rate >30/min; pulse >100/min; systolic blood pressure <90mmHg or >160mmHg, or diastolic blood pressure
<60mmHg; haematemesis; haemoptysis, seizures, reduced GCS
Laboratory reference range: CRP <10mg/L, PCT <0.1ng/mL, Hb 12-18g/dL, WBC 4.8–10.8x103/mm3, N 2.6–7.0x103/mm3, L 1.2–3.8x103/mm3
https://doi.org/10.1371/journal.pntd.0006477.t001
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multivariate analysis. Elevated creatinine was significantly associated with leptospirosis on uni-
variate analysis (OR 1.132, 95%CI 1.001–1.279, p = 0.048) but was not significant in multivari-
ate analysis. Details of the analysis can be found in S3 Table. In addition, classification and
regression trees (CART) were generated for scrub typhus (S1 Fig, panel A) and dengue (S1 Fig,
panel B) which revealed a similar set of significant variables when compared with the multivar-
iate logistic regression analyses above. The presence of an eschar, ALP>289IU/L and
AST>88IU/L were used as decision nodes for scrub typhus while CRP37mg/L and
WBC7.9x103/mm3 were used for dengue virus.
The majority of cases occurred during the months of June to November, coinciding with
the rainy and early winter seasons. Proportions of patients (95% confidence intervals) admit-
ted from June to November and from December to January were calculated for the study
cohort, scrub typhus, dengue, leptospirosis, murine typhus, CAI and unknown groups: total
0.82 (0.77–0.88):0.18 (0.12–0.23) p<0.001, scrub typhus 0.91 (0.83–0.99):0.09 (0.01–0.17)
p<0.001, dengue 0.96 (0.87–1.00):0.04 (0.00–0.13) p<0.001, leptospirosis 0.80 (0.60–1.00):0.20
(0.00–0.40) p = 0.001, murine typhus 0.57 (0.20–0.94):0.43 (0.06–0.80) p = 0.595, CAI 0.83
(0.62–1.00):0.17 (0.00–0.38) p = 0.04 and unknown 0.77 (0.68–0.86):0.23 (0.14–0.32) p<0.001.
Apart from murine typhus, there were no overlaps of 95% confidence intervals. To illustrate
further, scrub typhus and dengue cases were plotted against time along with average monthly
temperatures and total monthly rainfall for the district (Fig 1).
Fig 1. The temporal spread of scrub typhus and dengue cases and monthly meteorological data for Mueang district, Chiangrai province (Thai
Meteorological Department, Chiangrai).
https://doi.org/10.1371/journal.pntd.0006477.g001
Acute undifferentiated fever and biomarkers in northern Thailand
PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006477 May 31, 2018 8 / 19
A total of 9 deaths were recorded during this study. Three patients had a diagnosis of scrub
typhus (3/45, 6.7%), two patients had bloodstream infections (Talaromyces marneffei–previ-
ously Penicillium marneffei–and Haemophilus influenzae, both HIV positive cases), while 4
patients had unknown aetiologies (4/97, 4.1%). The 9 patients consisted of 5 males and 4
females, with a median age of 44 (IQR 40–51), 7 worked in agriculture, none had received pre-
admission antibiotics and all were treated with antibiotics upon admission with the exception
of 1 patient who died soon after presentation. The median number of fever days prior to hospi-
tal admission was 4 (IQR 3–6) and the number of days admitted was 3 (IQR 2–4). The majority
were febrile on or after admission (8/9, 88.9%) and had neurologic (7/8, 87.5%), respiratory (5/
8, 62.5%), gastrointestinal (5/8, 62.5%) or severe disease (5/8, 62.5%). The median (IQR) CRP,
PCT, WBC, neutrophil count values for this sub-group were 150 mg/L (149–150), 37.2 ng/mL
(2.0–59.7), 10.2x103/mm3 (8.3–14.8) and 9.3x103/mm3 (6.9–12.2), respectively.
Antimicrobial treatment regimens and prescriptions
169 out of 200 patients (84.5%) received antibiotics during the study (pre-admission and/or
during admission). Of the 31 patients who did not receive any antibiotics, 6 had a viral infec-
tion (exclusively dengue), 7 had a bacterial infection (5 scrub typhus, 1 leptospirosis, and 1 bac-
teraemia) and 18 had an unknown aetiology. For monotherapy, ceftriaxone was the most
commonly used antibiotic (131/169, 77.5%) followed by doxycycline (118/169, 69.8%) and
chloramphenicol (26/169, 15.4%). Use of combination antibiotic therapy was common and
particularly applied to patients during their in-patient stay 105/168 (62.5%) compared to those
who received antibiotics prior to admission 9/34 (26.5%). Ceftriaxone and doxycycline was the
most commonly used combination with 79/169 (46.7%) patients receiving this therapy.
Eighteen of twenty four patients (75%) with a viral diagnosis received antibiotics while
patients with a bacterial diagnosis and those with an unknown aetiology received antibiotics in
93.3% (70/75) and 92.9% (79/85) of cases, respectively. Among patients with a diagnosis of
scrub or murine typhus, 82.4% (42/51) received anti-rickettsial antibiotics (mainly doxycycline
or chloramphenicol), which meant 17.6% of patients (9/51) received antibiotics ineffective
against both diseases. In contrast, 93.3% of patients (14/15) with leptospirosis received appro-
priate treatment (ceftriaxone +/- doxycycline). An overview of antibiotic use is shown below
in Table 2.
Table 2. Overview of prescribed antibiotics (before and during hospitalisation).
3rd generation Cephalosporin + anti-
rickettsial antibiotic(s)
Ceftriaxone
only
Doxycycline
only
Chloramphenicol
only
Other anti-rickettsial
treatment#
Other
antibiotic (s)
None
Scrub and murine
typhus
3.7 18.5 0 7.4 0 3.7 66.7
52.9 7.8 19.6 7.8 2.0 2.0 7.8
Leptospirosis 0 12.5 0 0 0 0 87.5
73.3 20.0 0 0 0 0 6.7
Dengue and JEV 0 25 0 0 0 0 75
29.2 4.2 33.3 4.2 4.2 0 25
CAI (bacterial) 0 33.3 0 0 16.7 0 50
66.7 33.3 0 0 0 0 0
Unknown
aetiology
5.7 17.0 3.8 0 1.9 3.8 67.7
50.0 16.7 14.3 2.4 3.6 6.0 7.1
 Percentages shown. Unshaded line = pre-hospital treatment, shaded line = inpatient treatment, CAI = culture-attributed infections
 Anti-rickettsial antibiotics = doxycycline, chloramphenicol, roxithromycin and ciprofloxacin (see discussion)
# Other anti-rickettsial treatment = a combination of the antibiotics above (e.g. doxycycline and chloramphenicol) or a combination of 1 anti-rickettsial antibiotic with
other antibiotics (e.g. amoxicillin and roxithromycin)
https://doi.org/10.1371/journal.pntd.0006477.t002
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Nevertheless, the strategy of combining a beta-lactam with doxycycline was often used, and
53%, 73% and 67% of patients with a rickettsiosis, leptospirosis and culture-attributed bacterial
infection received an antimicrobial treatment regimen combining a third generation cephalo-
sporin with a rickettsia-active drug, respectively. Ceftriaxone monotherapy was most com-
monly used for leptospirosis and bacterial causes, while doxycycline monotherapy was
commonly used for the rickettsial/dengue subgroups.
CRP and PCT biomarker results
CRP on admission was a significant predictor variable for the viral aetiology group (low CRP)
when analysing the whole AUF cohort. When the unknown group was excluded, it remained
an important predictor for the viral (low CRP) and bacterial (high CRP) groups. 92% and 86%
of bacterial cases had CRP levels above the pre-defined cut-offs of>20mg/L and>40mg/L,
respectively. For the viral aetiology group, 73% and 86% of cases had CRP levels below these
cut-offs, respectively. The>20mg/L and >40mg/L CRP cut-offs correctly identified 87.2% and
86.2% of bacterial and viral cases, respectively. The CRP and PCT results are summarised in
Table 3.
The optimal CRP plasma level cut-off to accurately distinguish between bacterial and viral
causes for fever in this study was calculated to be>36mg/L [sensitivity 88.9% (95%CI 79.3–
95.1) and specificity 86.4% (95%CI 65.1–97.1)], with 88.3% of cases correctly identified. If we
compare the choice of CRP cut-offs according to available CRP assays of 20mg/L and 40mg/L,
then using the 40mg/L cut-off would provide an improved balance between sensitivity and
specificity, with a higher specificity than the lower cut-off of 20mg/L.
On excluding the unknown aetiology group, PCT was good at defining bacterial cases, but
poor at selecting for viral aetiologies, which is reflected by the poor specificity values. The
higher cut-off at 0.50ng/mL improved specificity from 40.9 to 63.6 when compared to 0.25ng/
mL, and was accompanied with a moderate drop in sensitivity and a minor reduction in the
proportion of correctly identified cases. If a higher cut-off of 0.7ng/mL for PCT was chosen,
sensitivity will fall slightly while the specificity will increase, but with the same number of cor-
rectly identified cases [sensitivity 79.2% (68.0–87.8), specificity 68.2% (45.1–86.1), correctly
identified cases 76.6%].
Receiver operating characteristic (ROC) curves were generated to visualise the performance
of CRP (S2 Fig, panel A) and PCT (S2 Fig, panel B) in differentiating bacterial versus viral
infections for specified cut-off values. The areas under the ROC curve were 0.91 (0.85–0.96,
95% CI) and 0.80 (0.72–0.88, 95% CI) for CRP and PCT, respectively.
Table 3. CRP and PCT cut-off results.
Value Bacterial aetiology n
(%)
Viral aetiology n
(%)
Sensitivity (95%
CI)
Specificity (95%
CI)
PPV (95% CI) NPV (95% CI) Correctly identified
(%)
CRP >20 mg/L 66/72 (91.7) 6/22 (27.3) 91.7 (82.7–96.9) 72.7 (49.8–89.3) 91.7 (82.7–
96.9)
72.7 (49.8–
59.3)
87.2%
CRP >40 mg/L 62/72 (86.1) 3/22 (13.6) 86.1 (75.9–93.1) 86.4 (65.1–97.1) 95.4 (87.1–
99.0)
65.5 (45.5–
82.1)
86.2%
PCT >0.25 ng/
mL
65/72 (90.3) 13/22 (59.1) 90.3 (81–96.0) 40.9 (20.7–63.6) 83.3 (73.2–
90.8)
56.3 (29.9–
80.2)
78.7%
PCT >0.50 ng/
mL
58/72 (80.6) 8/22 (36.4) 80.6 (69.5–88.9) 63.6 (40.7–82.8) 87.9 (77.5–
94.6)
50.0 (30.6–
69.4)
76.6%
 Significant difference (p0.001) between bacterial and viral groups at these cut-offs on direct comparison (Chi-squared test)
https://doi.org/10.1371/journal.pntd.0006477.t003
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Discussion
In this study the cause of non-malarial AUF was determined in 51.5% of enrolled cases. Rick-
ettsial illnesses (scrub typhus and murine typhus) continue to be leading causes of AUF in
northern Thailand, and although awareness of these treatable illnesses is increasing at the hos-
pital level–as reflected by the high proportion of cases correctly managed by local physicians—
this is not the case at the community level where doxycycline is seldom used. It is notable that
by deploying diagnostic tests for as few as five diseases and utilising conventional microbiolog-
ical culture techniques in the local hospital microbiology laboratory, the causes of more than
half of the AUF cases could be identified.
Scrub typhus remains a leading cause of acute undifferentiated fever
Scrub typhus was the leading cause of AUF followed by dengue, leptospirosis, murine typhus,
and bloodstream infections (22.5%, 11.5%, 7.5%, 3.5% and 3.5%, respectively) in this study.
The incidence of both scrub typhus and dengue exhibited pronounced seasonality and were
more common in the rainy season through to early winter (June to November). Similar to pre-
vious studies, the clinical finding of an eschar was strongly associated with the diagnosis of
scrub typhus and represents a useful diagnostic clue [7, 28, 29]. However, eschars are not
always present in scrub typhus patients, and their formation can be influenced by the degree of
past exposure to various Orientia tsutsugamushi strains and the presence of strain-specific
immunity [30]. Previous studies on paediatric scrub typhus in northern Thailand reported the
presence of an eschar in approximately 70% of children [31, 32], while only 7% of children
from Songkhla, southern Thailand and 7% of adults from Udon Thani, north-eastern Thailand
with scrub typhus were reported to have an eschar [33, 34]. Whether this represents the spec-
trum of regular re-exposure to circulating Orientia tsutsugamushi strains in these regions
remains to be determined in longitudinal studies.
Five patients presented with eschars but tested negative for scrub typhus. One patient had
Staphylococcus aureus bacteraemia while the other four patients were in the unknown aetiology
group. Additional testing of samples from one of these four patients revealed one 17kDa qPCR
positive blood sample suggestive of Rickettsia spp. As such, alternative causes for febrile
patients presenting with an eschar, such as spotted fever group rickettsial infections, should be
considered. It is important to note that true eschars are completely painless–a central feature
to distinguish them from eschar-like lesions including spider and (manipulated) insect bites
which are typically itchy and/or painful [35].
In addition, we have shown that elevated hepatic enzymes (ALP and AST) were important
predictors of scrub typhus in patients admitted with AUF on multivariate logistic regression
and classification and regression tree (CART) analyses (ALP>289IU/L and AST>88IU/L).
Raised hepatic enzymes have previously been described in scrub typhus observational studies
in northern Thailand and India although not in cause of fever studies [36–38].
The overall mortality rate in our study cohort was 4.5% (total of 9 deaths) of which a third
were attributable to scrub typhus. The scrub typhus mortality rate of 6.7% (3/45) was compara-
ble to previous reports of untreated disease, as summarised in a recent systematic review, but
was lower than the previously reported mortality from northern Thailand of 13.1% from
2004–2010, possibly reflecting better awareness and treatment decisions [36, 39].
Antimicrobial treatment observations and implications
The majority of patients (84.5%) received empirical antibiotic treatment after admission to the
provincial hospital, and 82.4% of patients subsequently diagnosed with scrub or murine typhus
received an anti-rickettsial regimen. Doxycycline and chloramphenicol were the two main
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anti-rickettsial antibiotics used during the study and the majority of scrub typhus patients in
our study recovered, despite previous reports of doxycycline and chloramphenicol resistant
strains of O. tsutsugamushi in Chiangrai [40]. Of the 3 patients who died with scrub typhus,
one did not receive any effective antimicrobial, one had delayed administration of chloram-
phenicol, and another received doxycycline and chloramphenicol from admission onwards.
Azithromycin has been shown to be an effective alternative treatment in scrub typhus patients
and appears also to be effective against resistant Chiangrai isolates of O. tsutsugamushi [41–
43]. However, azithromycin was not used during this study due to the unavailability of more
cost-effective generic formulations at the time. Nevertheless, the fact that 53% and 73% of
patients with rickettsioses or leptospirosis, respectively, received a combination of a third gen-
eration cephalosporin plus a rickettsia-active antibiotic, and that in the remaining patients cef-
triaxone was most commonly used for leptospirosis or bacterial causes, while doxycycline was
commonly used for the rickettsial/dengue subgroups, demonstrates a high level of clinical
experience and awareness among medical staff in this endemic area (Table 2).
Roxithromycin was used in 1 patient with scrub typhus in combination with doxycycline.
There have been limited clinical studies into the effectiveness of roxithromycin in the treat-
ment of scrub typhus [31, 44] and none reported for murine typhus. One case series from
Chiangrai reported low efficacy of roxithromycin when compared to doxycycline or chloram-
phenicol in 20 children with scrub typhus [31]. In vitro susceptibility testing to roxithromycin
has not been reported for Orientia tsutsugamushi while Rickettsia typhi appears susceptible
[45]. Two patients with scrub typhus received ciprofloxacin, one as the sole anti-rickettsial
antibiotic and the other in combination with doxycycline and chloramphenicol. Fluoroquino-
lones have been shown to be moderately effective in in vitro susceptibility tests and in limited
clinical studies against murine typhus [45–47]. However, Orientia tsutsugamushi may be
intrinsically resistant to fluoroquinolones which may explain the poor efficacy reported in clin-
ical studies [48–51].
In contrast to antibiotic use in the hospital setting, only 34/200 (17%) of study patients
received antibiotics prior to admission. Rickettsial infections make up 25% of patients pre-
senting with AUF, and only 10 of 34 patients received pre-admission antibiotics with anti-
rickettsial activity (5% of the study cohort)–of these only 5 patients received effective treat-
ment for scrub typhus (2.5% of the study cohort). Supporting this observation prescription
data from primary care units from the central Mueang district of Chiangrai province (2015)
revealed low utilisation of anti-rickettsial antibiotics and doxycycline use was absent alto-
gether. This highlights the need for improving the availability of specific antibiotics—partic-
ularly doxycycline—in rural endemic areas and for providing effective diagnostics to guide
appropriate management of febrile patients, as inappropriate use of antibiotics has led to
the development of antibiotic resistance, particularly impacting regions where access to
effective antimicrobials is already limited [52].
Differentiating between antibiotic treatable and non-treatable diseases–the
role of biomarkers
The paucity of diagnostically useful clinical symptoms and signs in AUF cases should spur the
development of affordable and effective rapid diagnostic tests (RDTs). Even at a provincial
hospital in Thailand, it is unrealistic for costly and expertise-reliant tests such as IFAs, ELISAs
and PCR assays to be performed routinely [53]. Previous studies have shown that robust and
high-quality RDTs for common causes of AUF provide the best balance for diagnostic cost-
effectiveness [15]. This though requires up-to-date and representative local epidemiological
data–ideally based on fever surveillance studies. The provision of effective RDTs to diagnose
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scrub typhus, dengue and leptospirosis will cover 41% of cases of AUF presenting to the pro-
vincial hospital in Chiangrai. The use of algorithms incorporating both clinical findings with
accurate RDTs +/- basic laboratory tests to guide early appropriate antibiotic management of
patients presenting with AUF will likely improve this further.
In high income countries, biomarkers such as C-reactive protein (CRP) and procalcitonin,
have been shown to be safe, cost-effective, and improve correct antibiotic use in the manage-
ment of respiratory tract infections in primary care settings [17, 25, 54]. In Southeast Asia, it
has been demonstrated that CRP can discriminate between bacterial and viral infections in
acutely febrile patients and reduce antibiotic use in patients with non-severe respiratory tract
infections in the community [18, 19]. Modelling the impact and cost-effectiveness of patho-
gen-specific RDTs and CRP tests using data from febrile outpatients in Laos revealed that tests
for common prevalent bacterial infections (scrub typhus in that setting) and CRP levels were
likely to be cost-effective for direct health benefits while tests for viral pathogens (e.g. dengue)
were not [15].
This study demonstrated that low CRP and low WBC were significant predictors of a viral
infection (mainly dengue, CRP37mg/L and WBC7.9x103/mm3 on CART analysis). CRP
was highly sensitive and very specific for defining bacterial infections (AUROC curve 0.9059),
when directly comparing bacterial and viral groups, consistent with data from previous fever
studies from Southeast Asia [18]. Currently, two CRP cut-offs are under investigation– 20mg/
L and 40mg/L. The results in our study suggest that from a statistical point-of-view, choosing
the higher cut-off improves specificity by almost 14%, thus reducing false positivity. However,
this needs to be put into clinical context as the reduction of incorrectly treated viral cases from
6/22 (27.3%) to 3/22(13.6%) is offset by “missing” 4/72 (5.6%) of potentially severe bacterial
cases–thus, reducing 3 cases with inappropriate antibiotic treatment comes at a cost of not
treating 4 cases that would require antibiotics. If the test is employed at a community/primary
care level, where monitoring facilities are limited, it could be argued that incorrectly treating
an additional 3/22 (4.8%) febrile patients with a viral aetiology may be acceptable if an addi-
tional 4/72 (5.6%) patients with a potentially severe bacterial aetiology can be treated
appropriately.
When comparing viral and bacterial groups, high procalcitonin was sensitive for the detec-
tion of bacterial infections but low levels were poor at selecting viral infections leading to low
specificity. In Laos, elevated WBC counts have been shown to be significantly associated with
fevers of bacterial aetiologies [6]. Previous fever studies from Southeast Asia have not specifi-
cally reported any association between neutrophilia and bacterial infections [3, 4, 6, 8, 55],
although multiple reports have associated neutrophilia, lymphopaenia and elevated neutro-
phil-to-lymphocyte ratios with bacteraemic medical emergencies in high-income settings [56–
58]. Our results suggest that simple laboratory tests such as full blood count and CRP could be
beneficial in differentiating between bacterial and viral infections in acutely febrile patients at
the hospital level, while a CRP-based POCT test (at USD 0.5–2.0 per test) is likely to be cost-
effective in community settings in rural Southeast Asia. As Thailand expands its community
health care system to fulfil one of five core priorities in partnership with the World Health
Organization—this information is relevant to the development and commissioning of diag-
nostics in the community/district hospitals [59].
Although we were able to assign diagnoses to 51.5% of the febrile patient cohort, a large
number of patients with unknown aetiologies demonstrated elevated laboratory markers
described above and median CRP levels comparable to the diagnosed bacterial group–suggest-
ing that a large proportion of potentially antibiotic treatable diseases go undiagnosed. The
study has important limitations: i) due to budget constraints all cultures were performed in the
local microbiology laboratory at the discretion of the treating physician; ii) there was an
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imbalance in the diagnostic investigations performed due to costs and limited access to high
quality tests which may have led to bias (i.e. diagnostics for scrub typhus included PCR, culture
and serology, while for leptospirosis only RDTs and culture were performed); and iii) the sam-
ple size is relatively small and external validity is limited although some conclusions can be
drawn when the results are taken in context of previously published dataset from other fever
studies from the region.
Conclusion
In conclusion, this study has highlighted the importance of scrub typhus and dengue in the
aetiology of AUF in Chiangrai province, northern Thailand. It has provided more evidence for
including anti-rickettsial antibiotics into empirical hospital treatment guidelines and manage-
ment strategies of AUF in the community. It contributes to the mounting evidence that good
quality, accurate, pathogen-specific RDTs are urgently needed, which together with biomarker
POCTs such as CRP, may aid healthcare workers in the correct use of antibiotics as part of the
wider focus on antimicrobial stewardship. Finally, it emphasises the need for further prospec-
tive studies into the causes of AUF in the community along with evaluations of CRP POCTs in
improving disease management algorithms, diagnostic accuracy, patient safety and reducing
inappropriate antibiotic use in the tropics.
Supporting information
S1 Fig. Classification and regression trees (CART) for scrub typhus (A) and dengue (B).
(TIF)
S2 Fig. ROC curves for plasma CRP levels (A) and plasma PCT levels (B) for differentiating
between bacterial vs. viral infections.
(TIF)
S1 Table. Results of univariate (A) and multivariate (B) logistic regression analyses for viral,
bacterial and unknown aetiology groups.
(DOCX)
S2 Table. Demographic, clinical, imaging and laboratory findings associated with scrub
typhus, dengue, leptospirosis and murine typhus.
(DOCX)
S3 Table. Results of univariate (A) and multivariate (B) logistic regression analyses for scrub
typhus, dengue, leptospirosis and murine typhus.
(DOCX)
S4 Table. STROBE Statement and checklist for this study.
(DOCX)
Acknowledgments
We would like to express our deep gratitude to the director, senior hospital management, doc-
tors, nurses and patients at Chiangrai Prachanukroh Hospital for their generous support and
interest in this project. We are grateful to George Watt for his help and advice in setting up
this study. We thank Atthanee Jeeyapant for providing additional statistical support. Further,
we gratefully acknowledge the contributions of Tippawan Anantatat, Pruksa Nawtaisong,
Suthatip Jintaworn, Ampai Tanganuchitcharnchai, Aunchalee Thanwisai and Kemajittra Jen-
jaroen for their assistance in molecular, serological and in vitro isolation diagnoses.
Acute undifferentiated fever and biomarkers in northern Thailand
PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006477 May 31, 2018 14 / 19
Author Contributions
Conceptualization: Pacharee Kantipong, Wirongrong Chierakul, Nicholas P. Day, Achara
Laongnualpanich, Daniel H. Paris.
Data curation: Tri Wangrangsimakul, Thomas Althaus, Mavuto Mukaka, Vanaporn Wuthie-
kanun, Wirongrong Chierakul, Stuart D. Blacksell, Nicholas P. Day, Achara Laongnualpa-
nich, Daniel H. Paris.
Formal analysis: Tri Wangrangsimakul, Thomas Althaus, Mavuto Mukaka, Wirongrong
Chierakul, Nicholas P. Day, Daniel H. Paris.
Funding acquisition: Pacharee Kantipong, Nicholas P. Day.
Investigation: Tri Wangrangsimakul, Pacharee Kantipong, Vanaporn Wuthiekanun, Wiron-
grong Chierakul, Stuart D. Blacksell, Nicholas P. Day, Achara Laongnualpanich, Daniel H.
Paris.
Methodology: Thomas Althaus, Mavuto Mukaka, Pacharee Kantipong, Vanaporn Wuthieka-
nun, Achara Laongnualpanich, Daniel H. Paris.
Project administration: Pacharee Kantipong.
Resources: Nicholas P. Day, Achara Laongnualpanich, Daniel H. Paris.
Supervision: Wirongrong Chierakul, Stuart D. Blacksell, Nicholas P. Day, Achara Laongnual-
panich, Daniel H. Paris.
Visualization: Thomas Althaus, Daniel H. Paris.
Writing – original draft: Tri Wangrangsimakul, Thomas Althaus, Daniel H. Paris.
Writing – review & editing: Tri Wangrangsimakul, Thomas Althaus, Mavuto Mukaka,
Pacharee Kantipong, Vanaporn Wuthiekanun, Wirongrong Chierakul, Stuart D. Blacksell,
Nicholas P. Day, Achara Laongnualpanich, Daniel H. Paris.
References
1. Dittrich S, Rattanavong S, Lee SJ, Panyanivong P, Craig SB, Tulsiani SM, et al. Orientia, rickettsia, and
leptospira pathogens as causes of CNS infections in Laos: a prospective study. The Lancet Global
health. 2015; 3(2):e104–12. https://doi.org/10.1016/S2214-109X(14)70289-X PMID: 25617190.
2. Acestor N, Cooksey R, Newton PN, Me´nard D, Guerin PJ, Nakagawa J, et al. Mapping the Aetiology of
Non-Malarial Febrile Illness in Southeast Asia through a Systematic Review—Terra Incognita Impairing
Treatment Policies. PLoS One. 2012; 7(9):e44269. https://doi.org/10.1371/journal.pone.0044269
PMC3435412. PMID: 22970193
3. Chheng K, Carter MJ, Emary K, Chanpheaktra N, Moore CE, Stoesser N, et al. A prospective study of
the causes of febrile illness requiring hospitalization in children in Cambodia. PloS one. 2013; 8(4):
e60634. https://doi.org/10.1371/journal.pone.0060634 PMID: 23593267; PubMed Central PMCID:
PMCPMC3621876.
4. Suttinont C, Losuwanaluk K, Niwatayakul K, Hoontrakul S, Intaranongpai W, Silpasakorn S, et al.
Causes of acute, undifferentiated, febrile illness in rural Thailand: results of a prospective observational
study. Ann Trop Med Parasitol. 2006; 100(4):363–70. https://doi.org/10.1179/136485906X112158
PMID: 16762116.
5. Murray CJ, Ortblad KF, Guinovart C, Lim SS, Wolock TM, Roberts DA, et al. Global, regional, and
national incidence and mortality for HIV, tuberculosis, and malaria during 1990–2013: a systematic
analysis for the Global Burden of Disease Study 2013. Lancet. 2014; 384(9947):1005–70. https://doi.
org/10.1016/S0140-6736(14)60844-8 PMID: 25059949; PubMed Central PMCID: PMCPMC4202387.
6. Mayxay M, Castonguay-Vanier J, Chansamouth V, Dubot-Pe´rès A, Paris DH, Phetsouvanh R, et al.
Causes of non-malarial fever in Laos: a prospective study. The Lancet Global Health. 2013; 1(3):e46–
e54. https://doi.org/10.1016/S2214-109X(13)70008-1 PMC3986032. PMID: 24748368
Acute undifferentiated fever and biomarkers in northern Thailand
PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006477 May 31, 2018 15 / 19
7. Suputtamongkol Y, Suttinont C, Niwatayakul K, Hoontrakul S, Limpaiboon R, Chierakul W, et al. Epide-
miology and clinical aspects of rickettsioses in Thailand. Ann N Y Acad Sci. 2009; 1166:172–9. https://
doi.org/10.1111/j.1749-6632.2009.04514.x PMID: 19538278.
8. Brown GW, Shirai A, Jegathesan M, Burke DS, Twartz JC, Saunders JP, et al. Febrile illness in Malay-
sia—an analysis of 1,629 hospitalized patients. Am J Trop Med Hyg. 1984; 33(2):311–5. PMID:
6324601.
9. McGready R, Ashley EA, Wuthiekanun V, Tan SO, Pimanpanarak M, Viladpai-Nguen SJ, et al. Arthro-
pod borne disease: the leading cause of fever in pregnancy on the Thai-Burmese border. PLoS
neglected tropical diseases. 2010; 4(11):e888. https://doi.org/10.1371/journal.pntd.0000888 PMID:
21103369; PubMed Central PMCID: PMC2982829.
10. Chansamouth V, Thammasack S, Phetsouvanh R, Keoluangkot V, Moore CE, Blacksell SD, et al. The
Aetiologies and Impact of Fever in Pregnant Inpatients in Vientiane, Laos. PLoS neglected tropical dis-
eases. 2016; 10(4):e0004577. https://doi.org/10.1371/journal.pntd.0004577 PMID: 27050192; PubMed
Central PMCID: PMCPMC4822858.
11. McGready R, Prakash JA, Benjamin SJ, Watthanaworawit W, Anantatat T, Tanganuchitcharnchai A,
et al. Pregnancy outcome in relation to treatment of murine typhus and scrub typhus infection: a fever
cohort and a case series analysis. PLoS neglected tropical diseases. 2014; 8(11):e3327. https://doi.org/
10.1371/journal.pntd.0003327 PMID: 25412503; PubMed Central PMCID: PMC4238995.
12. Crump JA, Kirk MD. Estimating the Burden of Febrile Illnesses. PLoS Negl Trop Dis. 2015; 9(12):
e0004040. https://doi.org/10.1371/journal.pntd.0004040 PMID: 26633014; PubMed Central PMCID:
PMCPMC4668833.
13. Bonell A, Lubell Y, Newton PN, Crump JA, Paris DH. Estimating the burden of scrub typhus: A system-
atic review. PLoS neglected tropical diseases. 2017; 11(9):e0005838. https://doi.org/10.1371/journal.
pntd.0005838 PMID: 28945755.
14. Chappuis F, Alirol E, d’Acremont V, Bottieau E, Yansouni CP. Rapid diagnostic tests for non-malarial
febrile illness in the tropics. Clinical microbiology and infection: the official publication of the European
Society of Clinical Microbiology and Infectious Diseases. 2013; 19(5):422–31. https://doi.org/10.1111/
1469-0691.12154 PMID: 23413992.
15. Lubell Y, Althaus T, Blacksell SD, Paris DH, Mayxay M, Pan-Ngum W, et al. Modelling the Impact and
Cost-Effectiveness of Biomarker Tests as Compared with Pathogen-Specific Diagnostics in the Man-
agement of Undifferentiated Fever in Remote Tropical Settings. PloS one. 2016; 11(3):e0152420.
https://doi.org/10.1371/journal.pone.0152420 PMID: 27027303; PubMed Central PMCID:
PMCPMC4814092.
16. Blacksell SD, Jarman RG, Bailey MS, Tanganuchitcharnchai A, Jenjaroen K, Gibbons RV, et al. Evalua-
tion of six commercial point-of-care tests for diagnosis of acute dengue infections: the need for combin-
ing NS1 antigen and IgM/IgG antibody detection to achieve acceptable levels of accuracy. Clin Vaccine
Immunol. 2011; 18(12):2095–101. https://doi.org/10.1128/CVI.05285-11 PMID: 22012979; PubMed
Central PMCID: PMCPMC3232692.
17. Cooke J, Butler C, Hopstaken R, Dryden MS, McNulty C, Hurding S, et al. Narrative review of primary
care point-of-care testing (POCT) and antibacterial use in respiratory tract infection (RTI). BMJ Open
Respir Res. 2015; 2(1):e000086. https://doi.org/10.1136/bmjresp-2015-000086 PMID: 25973210;
PubMed Central PMCID: PMCPMC4426285.
18. Lubell Y, Blacksell SD, Dunachie S, Tanganuchitcharnchai A, Althaus T, Watthanaworawit W, et al. Per-
formance of C-reactive protein and procalcitonin to distinguish viral from bacterial and malarial causes
of fever in Southeast Asia. BMC Infect Dis. 2015; 15(1):511. https://doi.org/10.1186/s12879-015-1272-
6 PMID: 26558692; PubMed Central PMCID: PMCPMC4642613.
19. Do NTT, Ta NTD, Tran NTH, Than HM, Vu BTN, Hoang LB, et al. Point-of-care C-reactive protein test-
ing to reduce inappropriate use of antibiotics for non-severe acute respiratory infections in Vietnamese
primary health care: a randomised controlled trial. The Lancet Global Health. 2016. https://doi.org/10.
1016/S2214-109X(16)30142-5 PMID: 27495137
20. Lim C, Blacksell SD, Laongnualpanich A, Kantipong P, Day NP, Paris DH, et al. Optimal Cutoff Titers
for Indirect Immunofluorescence Assay for Diagnosis of Scrub Typhus. Journal of clinical microbiology.
2015; 53(11):3663–6. https://doi.org/10.1128/JCM.01680-15 PMID: 26354819.
21. Paris DH, Blacksell SD, Nawtaisong P, Jenjaroen K, Teeraratkul A, Chierakul W, et al. Diagnostic accu-
racy of a loop-mediated isothermal PCR assay for detection of Orientia tsutsugamushi during acute
Scrub Typhus infection. PLoS neglected tropical diseases. 2011; 5(9):e1307. https://doi.org/10.1371/
journal.pntd.0001307 PMID: 21931873; PubMed Central PMCID: PMC3172190.
22. Dahler-Eriksen BS, Lassen JF, Petersen PH, Lund ED, Lauritzen T, Brandslund I. Evaluation of a near-
patient test for C-reactive protein used in daily routine in primary healthcare by use of difference plots.
Clin Chem. 1997; 43(11):2064–75. PMID: 9365390.
Acute undifferentiated fever and biomarkers in northern Thailand
PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006477 May 31, 2018 16 / 19
23. Aydin B, Dilli D, Zenciroglu A, Kaya O, Bilaloglu E, Okumus N, et al. Comparison of a rapid bed-side test
with a central laboratory analysis for C-reactive protein in newborn infants with suspicion of sepsis. Clin
Lab. 2013; 59(9–10):1045–51. PMID: 24273927.
24. Page AL, de Rekeneire N, Sayadi S, Aberrane S, Janssens AC, Dehoux M, et al. Diagnostic and prog-
nostic value of procalcitonin and C-reactive protein in malnourished children. Pediatrics. 2014; 133(2):
e363–70. https://doi.org/10.1542/peds.2013-2112 PMID: 24446443.
25. Aabenhus R, Jensen JU, Jorgensen KJ, Hrobjartsson A, Bjerrum L. Biomarkers as point-of-care tests
to guide prescription of antibiotics in patients with acute respiratory infections in primary care. Cochrane
Database Syst Rev. 2014; 11:CD010130. https://doi.org/10.1002/14651858.CD010130.pub2 PMID:
25374293.
26. Van den Bruel A, Thompson MJ, Haj-Hassan T, Stevens R, Moll H, Lakhanpaul M, et al. Diagnostic
value of laboratory tests in identifying serious infections in febrile children: systematic review. BMJ.
2011; 342:d3082. https://doi.org/10.1136/bmj.d3082 PMID: 21653621.
27. Phommasone K, Paris DH, Anantatat T, Castonguay-Vanier J, Keomany S, Souvannasing P, et al.
Concurrent Infection with murine typhus and scrub typhus in southern Laos—the mixed and the
unmixed. PLoS neglected tropical diseases. 2013; 7(8):e2163. https://doi.org/10.1371/journal.pntd.
0002163 PMID: 24009783; PubMed Central PMCID: PMCPMC3757080.
28. Paris DH, Chansamouth V, Nawtaisong P, Lowenberg EC, Phetsouvanh R, Blacksell SD, et al. Coagu-
lation and inflammation in scrub typhus and murine typhus—a prospective comparative study from
Laos. Clinical microbiology and infection: the official publication of the European Society of Clinical
Microbiology and Infectious Diseases. 2012; 18(12):1221–8. https://doi.org/10.1111/j.1469-0691.2011.
03717.x PMID: 22192733; PubMed Central PMCID: PMC3533763.
29. Hamaguchi S, Cuong NC, Tra DT, Doan YH, Shimizu K, Tuan NQ, et al. Clinical and Epidemiological
Characteristics of Scrub Typhus and Murine Typhus Among Hospitalized Patients with Acute Undiffer-
entiated Fever in Northern Vietnam. Am J Trop Med Hyg. 2015. https://doi.org/10.4269/ajtmh.14-0806
PMID: 25778504.
30. Paris DH, Chattopadhyay S, Jiang J, Nawtaisong P, Lee JS, Tan E, et al. A Nonhuman Primate Scrub
Typhus Model: Protective Immune Responses Induced by pKarp47 DNA Vaccination in Cynomolgus
Macaques. Journal of immunology. 2015; 194(4):1702–16. https://doi.org/10.4049/jimmunol.1402244
PMID: 25601925; PubMed Central PMCID: PMC4319312.
31. Chanta C, Chanta S. Clinical study of 20 children with scrub typhus at Chiang Rai Regional Hospital. J
Med Assoc Thai. 2005; 88(12):1867–72. PMID: 16518987.
32. Sirisanthana V, Puthanakit T, Sirisanthana T. Epidemiologic, clinical and laboratory features of scrub
typhus in thirty Thai children. Pediatr Infect Dis J. 2003; 22(4):341–5. https://doi.org/10.1097/01.inf.
0000059400.23448.57 PMID: 12690274.
33. Sonthayanon P, Chierakul W, Wuthiekanun V, Phimda K, Pukrittayakamee S, Day NP, et al. Associa-
tion of high Orientia tsutsugamushi DNA loads with disease of greater severity in adults with scrub
typhus. Journal of clinical microbiology. 2009; 47(2):430–4. https://doi.org/10.1128/JCM.01927-08
PMID: 19091812; PubMed Central PMCID: PMC2643668.
34. Silpapojakul K, Varachit B, Silpapojakul K. Paediatric scrub typhus in Thailand: a study of 73 confirmed
cases. Trans R Soc Trop Med Hyg. 2004; 98(6):354–9. https://doi.org/10.1016/j.trstmh.2003.10.011
PMID: 15099991.
35. Blacksell SD, Kantipong P, Watthanaworawit W, Turner C, Tanganuchitcharnchai A, Jintawon S, et al.
Underrecognized arthropod-borne and zoonotic pathogens in northern and northwestern Thailand:
serological evidence and opportunities for awareness. Vector borne and zoonotic diseases. 2015; 15
(5):285–90. https://doi.org/10.1089/vbz.2015.1776 PMID: 25988437.
36. Sriwongpan P, Patumanond J, Krittigamas P, Tantipong H, Tawichasri C, Namwongprom S. Validation
of a clinical risk-scoring algorithm for severe scrub typhus. Risk management and healthcare policy.
2014; 7:29–34. https://doi.org/10.2147/RMHP.S56974 PMID: 24600256; PubMed Central PMCID:
PMC3933538.
37. Varghese GM, Abraham OC, Mathai D, Thomas K, Aaron R, Kavitha ML, et al. Scrub typhus among
hospitalised patients with febrile illness in South India: magnitude and clinical predictors. The Journal of
infection. 2006; 52(1):56–60. https://doi.org/10.1016/j.jinf.2005.02.001 PMID: 16368461.
38. Griffith M, Peter JV, Karthik G, Ramakrishna K, Prakash JAJ, Kalki RC, et al. Profile of organ dysfunc-
tion and predictors of mortality in severe scrub typhus infection requiring intensive care admission.
Indian Journal of Critical Care Medicine: Peer-reviewed, Official Publication of Indian Society of Critical
Care Medicine. 2014; 18(8):497–502. https://doi.org/10.4103/0972-5229.138145 PMC4134622. PMID:
25136187
Acute undifferentiated fever and biomarkers in northern Thailand
PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006477 May 31, 2018 17 / 19
39. Taylor AJ, Paris DH, Newton PN. A Systematic Review of Mortality from Untreated Scrub Typhus
(Orientia tsutsugamushi). PLoS Negl Trop Dis. 2015; 9(8):e0003971. https://doi.org/10.1371/journal.
pntd.0003971 PMID: 26274584; PubMed Central PMCID: PMCPMC4537241.
40. Watt G, Chouriyagune C, Ruangweerayud R, Watcharapichat P, Phulsuksombati D, Jongsakul K, et al.
Scrub typhus infections poorly responsive to antibiotics in northern Thailand. Lancet. 1996; 348
(9020):86–9. PMID: 8676722.
41. Phimda K, Hoontrakul S, Suttinont C, Chareonwat S, Losuwanaluk K, Chueasuwanchai S, et al. Doxy-
cycline versus azithromycin for treatment of leptospirosis and scrub typhus. Antimicrobial agents and
chemotherapy. 2007; 51(9):3259–63. https://doi.org/10.1128/AAC.00508-07 PMID: 17638700;
PubMed Central PMCID: PMC2043199.
42. Strickman D, Sheer T, Salata K, Hershey J, Dasch G, Kelly D, et al. In vitro effectiveness of azithromy-
cin against doxycycline-resistant and -susceptible strains of Rickettsia tsutsugamushi, etiologic agent of
scrub typhus. Antimicrob Agents Chemother. 1995; 39(11):2406–10. PMID: 8585717; PubMed Central
PMCID: PMCPMC162956.
43. Watt G, Kantipong P, Jongsakul K, Watcharapichat P, Phulsuksombati D. Azithromycin activities
against Orientia tsutsugamushi strains isolated in cases of scrub typhus in Northern Thailand. Antimi-
crobial agents and chemotherapy. 1999; 43(11):2817–8. PMID: 10543774; PubMed Central PMCID:
PMCPMC89570.
44. Lee KY, Lee HS, Hong JH, Hur JK, Whang KT. Roxithromycin treatment of scrub typhus (tsutsugamu-
shi disease) in children. Pediatr Infect Dis J. 2003; 22(2):130–3. https://doi.org/10.1097/01.inf.
0000047864.80791.20 PMID: 12586976.
45. Paris DH, Richards AL, Day NPJ. Chapter 112—Orientia A2—Tang, Yi-Wei. In: Sussman M, Liu D,
Poxton I, Schwartzman J, editors. Molecular Medical Microbiology ( Second Edition). Boston: Aca-
demic Press; 2015. p. 2057–96.
46. Rolain JM, Maurin M, Vestris G, Raoult D. In vitro susceptibilities of 27 rickettsiae to 13 antimicrobials.
Antimicrob Agents Chemother. 1998; 42(7):1537–41. PMID: 9660979; PubMed Central PMCID:
PMCPMC105641.
47. Gikas A, Doukakis S, Pediaditis J, Kastanakis S, Manios A, Tselentis Y. Comparison of the effective-
ness of five different antibiotic regimens on infection with Rickettsia typhi: therapeutic data from 87
cases. Am J Trop Med Hyg. 2004; 70(5):576–9. PMID: 15155995.
48. Tantibhedhyangkul W, Angelakis E, Tongyoo N, Newton PN, Moore CE, Phetsouvanh R, et al. Intrinsic
fluoroquinolone resistance in Orientia tsutsugamushi. Int J Antimicrob Agents. 2010; 35(4):338–41.
https://doi.org/10.1016/j.ijantimicag.2009.11.019 PMID: 20138477.
49. Jang HC, Choi SM, Jang MO, Ahn JH, Kim UJ, Kang SJ, et al. Inappropriateness of quinolone in scrub
typhus treatment due to gyrA mutation in Orientia tsutsugamushi Boryong strain. J Korean Med Sci.
2013; 28(5):667–71. https://doi.org/10.3346/jkms.2013.28.5.667 PMID: 23678256; PubMed Central
PMCID: PMCPMC3653077.
50. Tsai CC, Lay CJ, Wang CL, Ho YH, Wang LS, Chen LK. Levofloxacin versus tetracycline antibiotics for
the treatment of scrub typhus. Int J Infect Dis. 2010; 14(1):e62–7. https://doi.org/10.1016/j.ijid.2009.03.
012 PMID: 19501007.
51. Mathai E, Rolain JM, Verghese GM, Abraham OC, Mathai D, Mathai M, et al. Outbreak of scrub typhus
in southern India during the cooler months. Ann N Y Acad Sci. 2003; 990:359–64. PMID: 12860654.
52. Holmes AH, Moore LS, Sundsfjord A, Steinbakk M, Regmi S, Karkey A, et al. Understanding the mech-
anisms and drivers of antimicrobial resistance. Lancet. 2015. https://doi.org/10.1016/S0140-6736(15)
00473-0 PMID: 26603922.
53. Peacock SJ, Newton PN. Public health impact of establishing the cause of bacterial infections in rural
Asia. Trans R Soc Trop Med Hyg. 2008; 102(1):5–6. https://doi.org/10.1016/j.trstmh.2007.06.004
PMID: 17619030.
54. Hunter R. Cost-effectiveness of point-of-care C-reactive protein tests for respiratory tract infection in pri-
mary care in England. Adv Ther. 2015; 32(1):69–85. https://doi.org/10.1007/s12325-015-0180-x PMID:
25620538; PubMed Central PMCID: PMCPMC4311066.
55. Leelarasamee A, Chupaprawan C, Chenchittikul M, Udompanthurat S. Etiologies of acute undifferenti-
ated febrile illness in Thailand. J Med Assoc Thai. 2004; 87(5):464–72. PMID: 15222513.
56. Wyllie DH, Bowler IC, Peto TE. Relation between lymphopenia and bacteraemia in UK adults with medi-
cal emergencies. J Clin Pathol. 2004; 57(9):950–5. https://doi.org/10.1136/jcp.2004.017335 PMID:
15333656; PubMed Central PMCID: PMCPMC1770434.
57. de Jager CP, van Wijk PT, Mathoera RB, de Jongh-Leuvenink J, van der Poll T, Wever PC. Lymphocy-
topenia and neutrophil-lymphocyte count ratio predict bacteremia better than conventional infection
markers in an emergency care unit. Crit Care. 2010; 14(5):R192. https://doi.org/10.1186/cc9309 PMID:
21034463; PubMed Central PMCID: PMCPMC3219299.
Acute undifferentiated fever and biomarkers in northern Thailand
PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006477 May 31, 2018 18 / 19
58. Lowsby R, Gomes C, Jarman I, Lisboa P, Nee PA, Vardhan M, et al. Neutrophil to lymphocyte count
ratio as an early indicator of blood stream infection in the emergency department. Emerg Med J. 2015;
32(7):531–4. https://doi.org/10.1136/emermed-2014-204071 PMID: 25183249.
59. WHO Country Cooperation Strategy Thailand, 2012–2016. 2012.
Acute undifferentiated fever and biomarkers in northern Thailand
PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006477 May 31, 2018 19 / 19
